it biased saccadic choice in the presence of two comnot allowed during the searching tasks, these results peting identical targets and impaired the ability to search argue for an unambiguous role of the parietal cortex for a target presented among distractors by means of in the top-down control of attentional deployment in saccadic eye movements. space.
Introduction
In order to establish the contribution of area LIP to attenThe optimal analysis of a visual scene requires the ability tional processing, we trained monkeys to report, by to efficiently select and process information at different pressing a manual lever, the presence of a predefined spatial locations. This can be achieved by means of eye visual stimulus in a succession of displays while mainmovements but also by covert attentional processing.
taining their eyes on a central fixation spot ( Figure 1A ). Selection by attention results from a combination of Hence, the task involved only the detection of a target stimulus-driven, or bottom-up, and goal-directed, or and no explicit localization or oriented motor response. top-down, processing that serves to guide attention toFixation was carefully controlled, and no effect of area ward the attributes or spatial location of a given stimu-LIP inactivation was observed on gaze position. In the lus. In humans, searching for a target that is embedded first experiment, we tested conjunctive visual search, in a visual display activates posterior cortical areas in where the target was defined by a particular combinaand around the intraparietal sulcus ( teristics of the objects, stimulus eccentricity, and duraThe response of LIP neurons to visual stimulation is tion were chosen so as to ensure an average success strongly modulated by behavioral relevance (Gottlieb et rate of about 76%-85%, which is necessary to maintain al., 1998), and it has been suggested that this area may an adequate level of motivation. Three types of errors were taken into consideration: not pressing the bar when a target was present in the stimulus array (miss), pressing the bar when no target was present (false alarm), and failure to maintain ocular fixation. The lower success rate of monkey M was mainly due to an increase in the proportion of false alarms (from 5.9% to 10% between control and inactivation) and rupture of fixation (from 5.2% to 8%), but the proportion of misses did not increase significantly (from 1.0% to 1.5% and from 1.4% to 1.5% in the contralesional and ipsilesional fields, respectively). The increase in false alarms could be interpreted as evidence for a failure of target/nontarget discrimination, but another possibility is that it reflects a failure of response inhibition, which could also account for an increase in the proportion of trials aborted by and three inactivation experiments in monkey M, in search performance is illustrated in Figure 4A , which shows the cumulative distribution of detection rewhich each condition was investigated (Table 2, ipsiversive shift or with one ipsiversive shift followed by two small contraversive shifts. It is not even possible to exclude that the same mean number of contraversive egy would be advantageous in a task emphasizing accushifts is used with two, four, or eight items. Whether racy over speed, which was the case here, but would, area LIP is specifically involved in shifting attention reas a consequence, cancel the benefits of the ipsilesional mains to be tested using a task designed specifically shift in attentional balance.
to test this hypothesis. Taken The finding that the effects of LIP inactivation on visual had to press the lever if the display contained the target or refrain from responding if the target was absent and wait for the next Throughout the duration of the experiments, the monkeys were seated in a primate chair with their head restrained, facing a tangent display without breaking fixation. Up to three successive displays could be presented in one trial. One-third of the trials consisted in translucent screen 35 cm away, which spanned Ϯ 55Њ of the visual field. A mechanical lever with a possible vertical movement was one display presentation containing the target; one-third consisted in a first display presentation without target followed by a display installed within the chair, at hand level, in front of the monkey. The contact between the monkey and the lever and the press onto the containing the target; the last third consisted of two successive displays without target and a third visual presentation containing lever were electrically detected. Behavioral paradigms, visual displays, and storage of both neuronal discharge, eye and hand movethe target. Pressing the lever at random would thus result in 33.3% of correct answers. Trials were interrupted if the monkey pressed ments were under the control of a personal computer running a real-time data acquisition system (REX) (Hays et al., 1982) . Visual the lever when no target was present or failed to maintain fixation. Visual displays could contain two, four, or eight visual items. Within stimuli were back projected onto the screen by a DLP video projector. Eye movements were recorded with the magnetic search coil a given trial, all successive displays contained the same number of items, but the number of items per display varied randomly from technique (Primelec), and horizontal and vertical eye positions were digitized at 250 Hz. All data analyses were performed offline. one trial to the next. Successive displays were presented at a rate of one per second. When the display containing the target appeared, Single-neuron activity was recorded extracellularly with tungsten microelectrodes (Frederick Haer, 1-2 M⍀ at 1 kHz) , which were the monkey had up to 900 ms to press the lever. The duration of
